Micropapillomas and papillomas as well as complex sclerosing lesions of the breast have been associated with a slightly increased risk for subsequent development of carcinoma (1-3). Although benign squamous metaplasia and reactive hypercellular stroma are often seen within papillomas (4 -7), there are few reports of such lesions associated with metaplastic tumors (8, 9). Recently, Denley et al. (10) described a series of metaplastic carcinomas of the breast arising within CSL. They postulate that there is a potential for sclerosing lesions of the breast to be associated with, and possibly give rise to, invasive carcinoma of different types. Metaplastic tumors of the breast are a heterogeneous group of tumors, the majority of them with
spindle cell differentiation that ranges from lowgrade fibromatosis-like lesions to high-grade fibrosarcomas (11) (12) (13) . In this study, we describe a series of metaplastic breast tumors arising within complex fibrosclerotic breast lesions, including CSL/ radial scars, partially sclerotic and adenotic papillomas/MP, and nipple adenomas. We applied the term fibrosclerotic-epithelial lesion for such breast lesions showing mixed epithelial elements associated with complex, loose, and sclerotic tissue.
MATERIALS AND METHODS
Thirty-three cases of metaplastic tumors of the breast associated with fibrosclerotic lesions were selected from a series of 241 metaplastic tumors received as referral cases in the Breast Pathology Consultation Service at Vanderbilt University from 1985 to 2001. Relevant clinical and pathological features were reviewed. Histologic evaluation was performed using hematoxylin and eosin-stained sections, and the associated underlying breast lesions were noted using published diagnostic criteria (7, 14, 15) . The metaplastic component was evaluated, considering the metaplastic tumor type and the spindle cell component grade (16) . Presence and grade of glandular and squamous components were also noted.
Immunohistochemical stains were performed in 13 cases. A Ventana ES automated immunostainer was used (Ventana, Tucson, AZ), as well as the streptavidin-biotin-peroxidase methodology and antibodies against cytokeratins, vimentin, smooth muscle and muscle-specific actins, CD 31, Factor VIII, and desmin (Table 1) (12) . Because of the limited availability of slides and blocks, not all antibodies were used in each case. When possible, a panel of anti-cytokeratin antibodies (Table 1) was used including AE1/AE3, CAM 5.2, cytokeratin 7 (CK-7), and high molecular weight keratin (HMW-K). Positive and negative controls were run concurrently for all antibodies tested.
Clinical data and follow-up information including clinical presentation, age, sex, lymph node status, and site of involvement were obtained from medical records and referring physicians.
RESULTS

Clinical Features
The clinicopathologic features of all cases are summarized in Tables 2 to 5 . All patients were female, and the average age at initial diagnosis was 64.1 years (range, 24 to 84 y). Lesions involved the left breast in 20 cases and the right breast in 11; the side was not specified in 2 cases. One patient presented bilateral tumors. At the initial physical examination a single palpable breast mass was present in 27 patients, mass and nipple discharge in 2 patients, only nipple discharge in 1 patient, and abnormal mammogram in 3 patients.
Pathology, Gross and Microscopic
The tumor size, often including parts of the fibrosclerotic lesions, ranged from 0.9 to 6.0 cm in greatest dimension (average, 1.9 cm). Twenty-four tumors were infiltrative and 9 were circumscribed; none was encapsulated. In 20/33 cases, the underlying lesions were papillary lesions including papilloma and/or multiple MP (Fig. 1) . In 7 cases, the underlying lesions were CSL (Fig. 2) , and 3 cases showed both complex sclerosing and papillary lesions. The other underlying diagnoses included 3 cases of nipple adenoma.
A majority of the metaplastic tumors showed a dominant spindle cell component with various degrees of atypia, ranging from fibromatosis-like (16 cases) to low-grade (13 cases), intermediate-grade (2 cases), and high-grade (2 cases) fibrosarcoma phenotype. Focally, plump fusiform and polygonal tumor cells, with more rounded nuclei, were arranged in "epithelioid" clumps (Fig. 1C) . Foci of squamous metaplasia were present in 25 cases (Fig.  2 , B-C), and low-grade glandular elements, in 21 cases. Eleven tumors had an adenosquamous growth pattern (Fig. 2C) . Ductal carcinoma in situ was the epithelial component in 6 cases, and invasive mammary carcinoma, in 5 cases; 2 invasive carcinomas were of lobular variant. The very lowgrade tumors were difficult to differentiate from stromal reaction and myofibroblastic proliferation, which are very common in partially sclerotic MP/ papillomas and CSL. All cases showed features of both metaplastic tumor and fibrosclerotic breast lesion. Because CSL have pseudoinvasion of glands, * Thirteen out 13 cases tested were positive for epithelial markers. the borders or transitions to the neoplastic foci were often inapparent. Other findings were present focally in a few cases, such as storiform pattern resembling malignant fibrous histiocytoma (one case), fibromyxoid (three cases) and osteoid (one case) stroma, giant cells (one case), and low-grade angiosarcoma-like foci (two cases). Lymphoid reaction was present at the edges of the tumor or scattered in the lesion in 18/33 cases, with occasional lymphoid follicles, some with germinal centers.
Immunohistochemical Studies
Immunohistochemical analysis for epithelial markers was positive in 13/13 cases tested (Tables  3, 5 ). The strongest marking was obtained with the antibodies against AE1/AE3 and HMW-K (Fig. 1,  B-D) . Normal ducts and lobules entrapped within the tumors were positive for all epithelial markers and were used as internal control. Weaker reactions were obtained for low molecular weight keratins (CAM 5.2 and CK-7). Both types of cells, epithelioid and spindled, expressed cytokeratins, but the epithelioid cells showed stronger cytoplasmic positivity (Fig. 1,B-D) . Staining intensity gradually decreased in the transition to the spindle cell component. The squamous and glandular elements stained for all types of cytokeratins tested. The squamous component stained more strongly with HMW-K and AE1/AE3 than did glandular elements. Although not readily apparent in the hematoxylin and eosin-stained sections, the few glandular elements present were very obvious in the sections stained for AE1/AE3 and CK-7 in the fibromatosislike tumors, and weak expression of HMW-K was observed. The spindle cells and some epithelioid cells expressed vimentin (8ϩ/8 tested), but the intensity was stronger in the spindle cells. In six cases the spindle cells stained for muscle-specific actin, and in two cases they stained for smooth muscle actin.
Treatment and Follow-Up
Information about initial treatment was available for 18 of 33 patients (Tables 2, 4 ). Lymph node metastasis was present in 3/13 cases, and the primary tumors in those cases had a dominant carcinoma phenotype. In 1 case the primary tumor showed high-grade invasive carcinoma; another case presented invasive lobular variant component, and the third case had an adenosquamous pattern with a high proportion of the glandular elements. The metastasis in this case presented a solitary squamous cyst. In 20 cases, the lymph node status was not known. Follow-up information was available for 15 of the 33 patients ( Table 2 ). The length of follow-up period ranged from 6 months to 96 months (average: 30.4 mo). Thirteen of those 33 women were treated with modified radical mastectomy, 1 with simple mastectomy, and 5 with wide local excision. In the other cases an excisional biopsy (11 cases) and a mammotome specimen (1 case) were reviewed, but there was no follow-up information.
Eight of the 33 patients developed local recurrence. In the 8 recurrent cases, the neoplastic nature of the lesion was not recognized in the initial biopsy, and patients did not receive any additional therapy. The cellularity of the initial lesions was very scanty, with a dominant fibromatosis-like pattern and only tiny islands of squamous metaplasia (Fig. 2, A-C) . The initial diagnoses on five of these eight cases were CSL, and the remaining three cases were papillomas. Minimal islands resembling squamous metaplasia were usually present (Fig. 2B) . The recurrent tumors were more cellular, with increased mitotic activity, as compared with the initial lesions (Fig. 2, C-D) . For the two cases that recurred twice, the initial diagnosis was complex sclerosing lesion with tiny islands of squamous metaplasia, and we considered them "nascent" lesions in retrospect. Analysis of the relationship between type of treatment and local recurrence showed that the recurrences were almost directly related to the extensiveness of local excision, with adequate excisions avoiding local recurrences.
DISCUSSION
In the present study we describe a series of metaplastic tumors arising within fibrosclerotic breast lesions. Most have benign histology of minimal hypocellular epithelial component, including lowgrade adenosquamous and fibromatosis-like metaplastic tumors. However, elements of carcinoma may be present and be large enough to be metastasis capable. There have been only a few case reports of metaplastic tumors associated with papillomas or CSL (8 -10) . The spindle cell metaplastic tumors of the breast range from very low-grade lesions to high-grade fibrosarcomas (11-13). Two variants of low-grade metaplastic tumors have been described in association with fibrosclerotic breast lesions: fibromatosis-like tumors with minor epithelial elements (12) and adenosquamous carcinomas (10, 17) . We previously described a low-grade variant of fibromatosis-like tumor, and in our series some cases arose in a background of CSL (12) . Adenosquamous carcinoma, another variant of metaplastic tumor, has also been described in association with papillomas and MP (17) . The neoplastic nature of such lesions is sometimes difficult to distinguish from the limited foci of myofibroblastic proliferation that can occur within CSL and papillomas.
Radial scars and CSL are fibrosclerotic lesions mimicking malignancy because of the presence of fibrous tissue proliferation with entrapped glandular elements. The term radial scar has often been used for lesions that are sized Ͻ10 mm, the term CSL being reserved for those that are larger and usually histologically more complex (15) . Radial scars and CSL in the early stages show abundant spindle cells of myofibroblastic origin around the central radiating parenchyma components (5, 15) . Some investigators have suggested that radial scars are either precursors of carcinomas or may be associated with an increased risk of developing a breast malignancy (1, 3, 18, 19) . Denley et al. (10) recently described the first series of five cases of metaplastic carcinomas associated with CSL. Those investigators suggested a potential for sclerosing lesions of the breast to be associated with, and possibly to give rise to, invasive carcinoma of different types. However the nature of the interaction between the pathological processes remains unclear (10) .
Haagensen (20) described multiple papillomas or peripheral papillomas as a specific disease entity. eosin; magnification, 100ϫ) . B, detail of Figure 1A , showing a bland spindle cell proliferation and tiny islands of squamous metaplasia (hematoxylin and eosin; magnification, 200ϫ) C, the recurrent tumor showed increased cellularity and atypia and an adenosquamous pattern (hematoxylin and eosin; magnification, 100ϫ). D, the squamous elements and the more epithelioid cells stained for AE1/ AE3 (streptavidin-biotin; magnification, 100ϫ).
We elsewhere reported (2) increased incidences of subsequent carcinomas in patients with multiple MP, which may derive from their multiplicity or from atypical epithelial lesions within them. Our findings demonstrated that only papillomas with atypia had an increased risk for subsequent carcinoma in the local region of the original lesion (2) . In the present series, 20 of 33 cases of metaplastic tumors arose within papillomas, suggesting a possible association between an unusual form of breast tumor and such fibrosclerotic breast lesion.
Hemorrhagic infarction may be focally present in papillomas and, in the late stages of the ischemic injury, produces an appearance similar to carcinoma with epithelium compressed and distorted into isolated clumps (6, 7) . Because hemorrhage and both regressive and reactive changes occur spontaneously in fibrosclerotic breast lesions, it is difficult to distinguish those reactive lesions from low-grade metaplastic tumors arising within such lesions. However, such reactive changes are less cellular and lack the more plump spindled cytokeratin-positive cells compared with the tumors reported in the present series. Three cases reviewed, but not included in our series, showed mature bone and/or cartilage within papillomas but were considered only metaplastic and dysplastic changes, not a true neoplastic process. Squamous metaplasia may also be seen in papillomas and sometimes may be extensive, particularly in larger lesions (6, 7) .
Three cases of the present series arose within nipple adenomas. The nipple adenomas, particularly the syringomatous type, are benign infiltrating neoplasms of the nipple presenting close resemblance to sweat gland duct tumors (21) (22) (23) . The tumor consists of ductules, small tubules, strands of uniform cells infiltrating the nipple, and sometimes small foci of squamous metaplasia (21) (22) (23) . Syringomatous adenoma has been considered in the differential diagnosis of adenosquamous carcinomas and tubular carcinomas (17) . In our series, the tumors presented features of both spindle cell metaplastic tumor and syringomatous adenoma.
Another group of breast lesions that may share similar features with the low-grade spindle cell metaplastic tumors is the reactive spindle cell nodules that are associated with needle core biopsy and fine-needle aspiration biopsy (24) . They probably represent a reactive process occurring in breast after needle biopsy procedures, usually in association with papillary lesions and CSL and not a neoplastic process. They are similar to the postoperative spindle cell nodules described in the genitourinary tract (25) . Reactive spindle cell nodules are likely myofibroblastic lesions and must be distinguished from other neoplastic and non-neoplastic spindle cell lesions of the breast (24) . Besides the spindle cells with mild to moderate nuclear pleomorphism, the reactive lesions also show thin-walled vessels, hemosiderin-laden macrophages, foam macrophages, and lymphocytes. The spindle cells express vimentin and smooth and specific muscle actins and do not express cytokeratins (24) . Awareness and recognition of the reactive spindle cell nodules process may allow avoidance of overdiagnosis of mammary spindle cell malignancy, especially in patients with a history of needle procedures.
Five cases of our present series, in which the neoplastic spindle cells were associated with a complex sclerosing lesion, were not recognized as metaplastic tumors in the initial biopsy. The lesions recurred locally, and in the recurrent lesions the epithelioid clumps, glandular, or squamous elements were more evident than in the initial biopsy, and the diagnosis of a metaplastic tumor was made. The differential diagnosis is difficult and may well be impossible because some radial scars and CSL may show abundant spindle cells (5) , and the minimal presence of epithelial cells is often inapparent. To make the diagnosis of a low-grade metaplastic tumor and to avoid overdiagnosis of malignancy in the reactive process, the lesion should present increased cellularity and clumps of cytokeratinpositive plump spindled cells, besides the reactive spindle cells and squamous elements. In our series the original excision had close margins in all eight cases that recurred locally. The coexistence of carcinoma in radial scars and CSL has been described previously (3, 4, 15) . The other three recurrent cases of our series arose within papillomas. The eight recurrent cases of the present series were not recognized as metaplastic tumors in the initial biopsy, and the patients were treated with excisional biopsy only; the tumors recurred locally within 24 to 72 months of the first excision.
Our major purpose in the present article was to describe the histologic features of this rare association between metaplastic tumors and fibrosclerotic breast lesions. Definitive understanding of the histogenesis and biologic potential of these breast metaplastic tumors arising within fibrosclerotic breast lesions will await further experience. However, our results indicate that the behavior and prognosis of these metaplastic lesions is dependent on type, extent, and grade of the metaplastic components. Tumors with a dominant histophenotypic epithelial component have a capacity for axillary node metastasis (26, 27) . The metaplastic tumors with a dominant spindle cell phenotype show a behavior of fibromatosis or sarcoma, depending on their histological grade. When the carcinomatous component is minimal or not apparent and low grade and the dominant element is phenotypically fibromatosis, then we expect that the clinical behavior of the majority of tumors will be that of fibromatosis.
The heterogeneity of mixed epithelial-mesenchymal neoplasms in breast should now be recognized. The tumors described here are likely to represent a special subset of breast neoplasms arising in a setting of fibrosclerotic breast lesions: CSL, papillomas, and nipple adenomas with expanded active spindled, squamoid, and rounded cells and sclerotic foci. These few cases of recurrent lesions after excision of CSL or papillomas, with only minimal initial lesions of spindled and epithelial cells of mixed epithelial and mesenchymal histo-and immunophenotype, have obvious practical implications. This is particularly important for core biopsies or incomplete excisions when the margins are close. However, we believe that the infrequent experience of recurrence of these lesions is a result of their rarity and of their usual limited occurrence within papillomas and CSL, leading to their complete removal most often. These active fibrosclerotic foci capable of recurrence as spindled lesions are probably more common in larger and more complex lesions.
